Abstract-A hybrid filter constructed of a shunt active filter and distributed passive filters used for power quality improvement in dispersed generation system is presented. The distribution system consists of several kinds of renewable energies as DG units where the power quality problems due to dispersed generation LV systems are introduced and the necessity of using hybrid filters instead of active or passive filters alone are discussed. The simulations are done with PSCAD/EMTDC for a distribution system with dynamic nonlinear loads and wind turbines, photovoltaic cells and diesel generators and several dynamic nonlinear load without any filters, with usage of just shunt active filter or passive filters and the hybrid filter structure, introduced in the paper. Studying and comparing the waveforms, harmonic contents and THD of the system current with different filter structures mentioned, proves power quality improvement by the applied hybrid filter.
I. INTRODUCTION In recent years, there has been a considerable interest in installation of dispersed generation systems such as wind farms or photovoltaic cells in medium and low voltage power distribution systems. Because of installation of DG units low power quality problems such as harmonics, voltage flicker and fluctuation, reactive power consumption and low power factor are imposed to the distribution system. The circumstance becomes more serious because of harmonics and high THD of the current waveform of nonlinear and dynamic loads in the distribution system. Therefore, it is necessary to use effective power quality improvement facilities for improving the power quality of the distribution system including the reduction of harmonics in the system current, compensate reactive power and improve power factor.
Usage of passive or active filters can be a successful procedure in limitation and removal of harmonics, reactive power consumption and improvement of power factor and THD of the system current. But because of dynamic loads, using passive filters alone cannot compensate the harmonics greatly; also it might cause resonances in the system, so they cannot be effective regardless of their low costs. On the other hand, using active filters alone with the ability for removing system current harmonics of dynamic loads can increase the costs of the project for high rating of active filters. Therefore, usage of hybrid filters would be the best solution for power quality improvement because the problems of using passive and active filters alone will not be any problem in such a structure, also the advantages of both of these filters can be gained together. The schematic diagram of the power distribution system with several nonlinear loads and different kinds of DG units such as wind turbines, PVs and diesel generators is shown in Fig. 1 .
In this paper, power quality problems of dispersed generation LV or MV systems are introduced and the necessity of using hybrid filters instead of active or passive filters alone are discussed. A hybrid filter constructed of a PV connected shunt active filter and distributed passive filters used for power quality improvement in dispersed generation systems is presented and the parameters of the passive filters and the control system of the active filter are discussed. 
II. POWER QUALITY PROBLEMS OF DG UNITS
Technical studies of dispersed generation systems prove low power quality issues of these systems such as voltage fluctuation and flicker or high harmonic contents of the system current [1] [2] .
In Another problem of dispersed distribution systems is an increase in the fault level of the distribution system. This is caused when a ground fault is occurred in the system because DG units still feed the fault although the power system feeders are disconnected.
The most important power quality problem of dispersed generation systems is the existence of high contents of harmonics and interharmonics in the waveforms of the system current. For limiting the harmonics level of the system less than the standards, it is required to limit maximum output power of DG units in the system or use effective power quality improvement or harmonic removal facilities in the power system to be able to gain more power form DG unites. In this paper, an effective solution for this problem is proposed and presented.
III. POWER QUALITY IMPROEVEMNT FILTER STRUCTURE A. Passive Filters
Passive filters as classic methods for power quality improvement of distribution systems consist of series LC tuned for removing a specific harmonic or blocking a bandwich of severe harmonics of nonlinear loads current. These filters have low impedances for the tuned frequencies such as 5th and 7th and for these frequencies, the lower impedance of the filter in comparison with system impedance, the better filtering characteristics of the passive filter. Low cost is a great benefit of these filters but because of their LC constant parameters, they cannot be efficient power quality improvement facilities for dynamic nonlinear loads. Another problem of installation of passive filters is probable resonances between the impedance of passive filter and the system resulting in increasing harmonics of system current.
B. Active Filters
Active filters as modem applications of power electronic inverters are used to fulfill the necessity of compensating the harmonics of power systems for dynamic conditions such as switching on and off loads and DG units. Shunt active filters are used at main bus of distribution systems for reducing the amount of current harmonics of the system being inserted to HV network. These filters are controlled as current sources for producing non sinusoidal currents according to non sinusoidal current of loads or system for removing the harmonics and making system current sinusoidal. These filters suffer from high ratings that increase the cost of project. C. Hybrid Filters Hybrid filters constructed of active and passive filters with different structures are used for removing the disadvantages of passive filters such as probability of resonances and non dynamic responses and also high costs of active filters, while Different structures of hybrid filters utilized in power systems are shown in Fig. 2 Fig. 3 , therefore, the active power filter for power quality improvement of the distribution system can be utilized in this period only. This facts does not affect the basis of the proposed method because we can assume, at night times, lower power is needed which can be obtained from the distribution system while less power quality problems occur at night times because of less industrial power consumption [5] . (2) A=v2 +v2
Utilizing a PI controller for keeping the DC voltage bus to a constant value, the output of controller is multiplied by capacitor current to calculate Pc losses. This power is added to the compensated active power, and then the compensating reference currents are calculated as:
The hysteresis current control is applied to the modified PQ compensation method for PWM controlling of the switchings of the inverter. Fig. 1 shows a 0.4 kV, 60 Hz power distribution system with a PV connected to the main bus through an inverter behaving as a shunt active filter and four dynamic nonlinear loads with distributed passive filters connected to their main buses, simulated with PSCAD/EMTDC [6] . The power distribution system involves several DG units such as wind turbines with induction generators, PVs and diesel generator. The nonlinear load structure in the distribution system is constructed of thyristor controlled RL loads in series with low RL loads where the parameters of the nonlinear loads including the magnitude of resistances and reactances, thyristors firing degree, THD% and 5th and 7th harmonic levels of nonlinear load bus are shown in the Appendix. All other parameters of the simulation study case including the parameters of DG units are also shown in the Appendix [7] [8] . The simulation is done for the distribution system without any filters, with usage of just shunt active filter or passive filters and the hybrid filter structure introduced in the paper [9] [10] .
V. SIMULATION RESULTS
The current waveforms of the distribution system without any filters are shown in Fig. 4 which proves high THD and harmonic contents of the system. The low power factor of the system can also be studied through the difference between the voltage and current waveforms of the system as shown in Fig.  5 . The active and high reactive power consumption of this system is also shown in Fig. 6 . Using 5th and 7th shunt passive filters can greatly reduce the harmonic contents and compensate the reactive power but with lower performance at the load changes. The current waveforms, power factor and active and reactive power consumption of the system are shown in Figures 7-9 where the passive filters are switched on at 0.5 sec.. Using a PV connected shunt active filter also reduces the harmonic contents and compensates the reactive power but for higher costs. It should be noted that the power system can only utilize shunt active filter at day times according to Fig. 3 . The current waveforms, power factor and active and reactive power consumption of the system are shown in Figures 10-12 where the active filter is switched on at 0.55 sec. It is obvious that the active filter can start compensation at dynamic situations much faster than passive filters. Fig. 13 also shows the active power consumption of the bare shunt active filter structure. Fig. 10 . Current waveforms of the distribution system using PV connected shunt active filter. Comparing the results of current THD and harmonic contents through the simulation for the system without any filters, with usage of just 5th and 7th shunt passive filters, with usage ofjust a shunt active filter and the hybrid filter structure proposed in this paper, prove the efficiency of the proposed hybrid filter structure in current harmonic reduction as shown in TABLE I.
Using the proposed hybrid filter structure consisting of a PV connected shunt active power filter and 5th and 7th shunt passive filters has the best performance in harmonic reduction, power factor improvement and reactive power compensation with lower active power consumption, lower costs and higher capabilities at dynamic situations as shown in Figures 14-17 . VI. CONCLUSION In this paper, a hybrid filter was used for power quality improvement of the low voltage power distribution system with several installed DG units. The hybrid filter is constructed of a PV connected shunt active filter at the main bus and distributed passive filters at the buses of nonlinear loads. High harmonic contents of the distribution system because of nonlinear loads and DG units were removed and restricted by the use of the active and passive filters. Studying and comparing the waveforms, harmonic contents and THD of the system current without any filters, with PV connected shunt active filter, with passive filters and with the hybrid filter structure introduced in the paper, proves the effectiveness of the proposed hybrid filter structure. 
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